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(57) ABSTRACT 

A motor vehicle includes headlamps having a plurality of 
LED light sources, one or more processors, and a memory 
storing instructions. One or more processors executing the 
instructions are enabled to receive first data, including at 
least map data, indicating a road curvature upcoming along 
a road on which the motor vehicle is traveling. The proces­
sors are also enabled to detem1ine a light change, the change 
adapting a light pattern of the headlru11ps in at least one of 
color, intensity or spatial distribution to increase light in a 
direction of the road curvature ahead of the motor vehicle 
and shaping light based at least in part on the road curvature. 
The processors are further enabled to control at least a first 
plurality of the LED light sources to provide light based at 
least in part on the determined light change and prior to the 
motor veh.icle reaching the road curvature. 

33 Claims, 24 Drawing Sheets 
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ADAPTlVE HEADLIGHT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

111is application is a Continuation of U.S. patent appli­
cation Ser. No. 15/961 ,861 filed Apr. 24, 2018, now U.S. Pat. 
No. 10,894,503 which issued Jan. 19, 2021 which is a 
Continuation of U.S. patent application Ser. No. 13/357,549 
filed Jan. 24, 2012, now U.S. Pat. No. 9,955,551 which 
issued Apr. 24, 2018, which is a Con1inuation-in-Part of U.S. 
patent application Ser. No. 10/604,360, entitled "Multiple 
Light-Source Jlluminating System" filed on Jul. 14, 2003, 
now U.S. Pat. No. 8,.100,552 which issued on Jan. 24, 2012, 
which claims benefit under 35 U.S.C., § 119(e) of U.S. 
Provisional Application No. 60/395,308 filed Jul. 12, 2002, 
entitled "Multiple Light Source Illumination System". U.S. 
patent application Ser. No. 13/357,549 filed Jan. 24, 2012, 
also claims benefit of U.S. Provisional Application No. 
61 /535,981 filed Sep. 17, 2011 entitled "Adjustable Light 
Fixnire" Tbe entire content of the disclosures are all 
expressly incorporated herein by reference. 

TECHN1CAL FIELD 

The present invention is in the field of radiation producing 
devices. More particularly, the present invention is in the 
technical field of lighting fixtwes. However, radiation used 
for headlamps, heating, night vision, UV or visible light 
curing, medical X-rays and other radiation uses are covered 
as well. General lighting fixtures otherwise known as lumi­
uaires will be used as the primary example while other 
irradiating devices such as infrared heaters are covered as 
well. The invention relates to multiple light source illumi­
nating devices intended to replace incandescent, fluorescent 
and HID luminaries in general and specialty lighting appli­
cations. 

BACKGROUND 

Definitions, Terms, Elements 
In order to clarify tbe intent of the present invention and 

its dissimilar aspects from prior art, a nomenclature system 
is established. 

Used herein illumination refers to the deliberate applica­
tion of light to achieve some practical or aesthetic effect. 
Correct illumination or recommend lighting practice refers 

2 
are highly monochromatic with a yellow-orange appearance. 
A color temperature in degrees Kelvin based on the color of 
an incandescent filament is used to describe a lamp. An 
incandescent lamp color will be termed "wam1" at 2000 

5 Kelvin ruid a Metal Halide "cool" at 4000K. In general, there 
is no ability to affect the color over the intensity level even 
where dimming is affo rded. A lamp is also intended to be a 
replaceable element. Lamps are constructed according to 
universal standards which allow for the substitution oflamps 

10 by other manufactwers. Prior-art lamps are thus provided 
with bulky bases which fit into bulky sockets and do not lend 
themselves to being permanently wired into printed circuit 
boards or bonded onto electronic chips. 

Luminaire: A Lighti.ng Fixture or luminaire (the terms are 
15 used interchangeably) is a device which is constrncted 

around the lamp to provide lighting specific to the applica­
tion including non-lighting considerations such as aesthet­
ics , safety etc. Some LF designs are primarily based on 
aesthetics while others are based on tailoring the lumen 

20 output such that the lighting fixture output meets the visual 
task at hand. Betv,;een these two extremes there are many 
possible designs, with mainten<.Ulce, fixture cost, hazardous 
and rough service location considerations also playing a 
role. This is essentially why the industry produces so many 

25 different types of luminaires. One type for high industrial 
building ceilings known as high-bay lighting, another for 
ollice lighting and a third for roadway lighting and a fourth 
for illuminating corridors. Each fixture has its photometric 
distribution characteristics, that is, how mruiy candela at 

30 what angle are exiting from the luminaire. Other lumi.naire 
considerations include keeping the lighting from causing 
discomfort glare or from being a source of veiling reflec­
tions. TI1e purely teclrnical goal is to get the required amount 
of light at the work surfaces where visual tasks are carried 

35 out by mrui, animals, plruits and machines. ALF has a longer 
life th<.Ul the lamp, ru1d the lamp is me<.Ult to be replaceable 
within the fixture. A luminaire is wired directly to the 
electrical mains while a lamp due to its need to be replaced 
has a base which fits into a socket by way of which the lrunp 

40 receives its power. Prior art solid-state lamp assemblies are 
considered lamps, as they have no provision for being 
connected to the mains. A luminaire has apparanis whereby 
it is attached to the building strncture while a lamp is 
mechanically affixed to the lamp holder or socket. Another 

45 aspect of distinction is, that in general, correct lighting 
practice principles are used to guide in the design of a LF 
while a lamp is "bare" a.nd is expected to have reflectors, 
refractors, shades and louvers to prevent glare and redirect to lighting industry standards and recommendations for the 

illumination of living, recreation, architecniral and work 
areas as described in standards and handbooks published by 50 

industry professional organizations such as the Jlluminating 
Engineering Society, the International Association of Light­
ing Designers, IALD or International Commission on Illu­
mination CIE. 

its rays to increase light utilization. 
Digital: The term digital used herein in refers to the 

luminaire concept as espoused by teachings of this invention 
and is loosely defined in parallel to the fine control associ­
ated with digital equipment. The multiple light sources of 
specific characteristics provide quanta of power and spec-

Lamp: A lamp, other than a reflector lamp, is generally a 
device that generates light radially from the source. Due to 
the physics involved i.n the light generation process, it is 
difficult at the source to gain control of the spatial light 
propagation. A reflector lamp will partially control the 
emitted light which hits the reflector but will not control the 
remaining light emanating from the filament or discharge 
tube. A lamp other than a solid-state lamp will generally 
produce light over a wide range of spectrnm. l11e overall 
color is a function of the physics involved in the generation 
of the different photon energies. While some lrunps spectra 
are closer to sunlight and have a good color rendering in 
relation thereto, other lamps such as low-pressure sodium 

55 trum which are smoothly added or detracted to generate a 
changed lighting effect. The digital aspect arises from the 
sufficient progression of values, varying by minute degrees 
to produce a continuum so as be non-discernable or irrel­
evant to the user. The added controllability is realized by 

60 breaking up the light-production, into discrete, specifically 
aimable, and dimmable elements which can be addressed by 
control electronics for the purpose of affecting the intensity, 
spectrnm and spatial distribution of spectmm and of inten­
sity of the illumination provided by the luminaire of the 

65 present invention. 
The overall combination of control capability and discrete 

light sources yields a digital lighting fixture. The tenni.nol-
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ogy "digital" as used herein also refers to the discrete nature 
of the multiple LED lamps provided in the lumiuaire, 
whereby, "digital" control results from the individual control 
of the discrete, i.e. , "digital" lighting elements, the LEDs, in 

4 
glare while a chlorophyll producing plant is not. lbe equa­
tion to detenni.ne the rating is Equation 2: 

the luminaire. 5 

W=5.0- 2.0 LOG (£ /(0.003)(1+SQRT(Lm0 .04)) 
(<p;f0 .46) 

Correct lighting practice: A bare incandescent lamp illu­
minating a room is arbitrarily termed poor lighting practice. 
The bare light bulb hooked up to the electric power via a 
light switch, causes glare, wastes light, delivering the light 
to useless areas, has no provision for dimming and is energy 
ineflicient. The Illuminating Engineering Society of North 
America OESNA) as well as other professional groups such 
as the International Association of Lighting Designers 
(lALD) have developed recommended lighting practices for 
specific applications in indoor and outdoor lighting. 1bese 
recommendations and equations for implementing the rec­
ommendations can be fOlmd in the !ESNA Lighting Hand­
book, 8th and/or 9th Editions (available from the Jllumiuat­
ing Engineering Society of North America 120 Wall St. 
Floor 17 New York, N.Y. 10005 included herein by refer­
ence. Factors in good lig!Hing include lighting intensity 
levels which may be based on the age of t.he users of the 
light, the color rendering capacity of the light source, its 
color temperature, the non-production of glare, veiling 
reflections and energy efficiency amongst others. Recom­
mendations for all aspects of lighting in terms of intensity, 
distribution, color temperature, color temperat11re as a func­
tion oflight intensity and correct color rendering exist in the 
literature iu tenllS of lighting applications that is the envi­
ronment to be illlU11iuated, iu parameters such as lux for 
intensity, CRl for color rendering index and Visual Comfort 
Parameter (VCP) for glare. Ju recent years, the Unified Glare 
Rating (UGR) as recommended by the CIE has become 
widely accepted as a general formula for assessing glare. 
While the US may still use VCP ratings, all the ligl1ting­
practice engineering organizations worldwide have stan­
dards and recommended ratings for difterent activities. For 
example, lighting levels of 500 lux and a UGR of I 9 is 
recommended in offices while industrial areas intended for 
coarse work a UGR of 28 can tolerated. In good lighting 
practice, attention is given by lighting designers to the 
correct amount of uplight, that is, light exiting from the 
lurninaire towards the ceiling, which prevents a gloomy 
"dark cave" eftect. Attention is also given to the cut-off angle 
of the lumiuaire, usually provided by shielding elements, 
such that higl1 intensity rays are not emitted at an angle 
where they enter the occupant's eye during nom1al activity. 
A correctly designed luminaire for indoor ligl1ting may 
provide 30% uplight and 70% downlight in the angles from 
the nadir 0 to 60 degrees and then again 135 to 170 degrees. 
A governing equation in lighting and used in "reverse 
lumiuaire design" of the present invention is the cosine law 
or Lru11bert's law, Equation I: 

E=I cos e1r:l 

Where: E=J llumina.nce in lux or footcandles, ]=Luminous 
intensity in cru1dles, D=Distru1ce between the source and the 
point of calculation in meters or feet, 0=Angle of ligl1t 
incidence with illuminated surface 

Another useful equation used in fixt"L1re analysis to avoid 
glare producing designs yields the level ofdiscomfoi:t on the 
DeBoer scale. The DeBoer rating scale (l-9) descnbes the 
level of discomfort where: ]=Unbearable, 3=Disturbing, 
5=Just acceptable, ?=Satisfactory, and 9=Just noticeable. 
TI1e allowable level is dependent on the application. A 
surgeon performing an operation may be very sensitive to 

where: W=glare sensation ou a scale of l to 9, 
La=adaptation luminance (cd/1112), E,=illumination directed 
at observer's eyes from the i-th source (lux), <:p;=glare angle 
of the i-th source (minutes of arc) from the observer's line 

10 of sight. 
Using these equations and correct lighting pmctice cov­

ering preferred angles of lighting for visual tasks, ii is 
possible to design from the specific application's illumina­
tion requirements the spatial ligl1t intensity distribution and 

15 yet avoid manufacturing a glare producing luminaire. 
The present invention generally relates lo an iniproved 

illuminator for use both in general and specialty lighting. 
The term general lighting includes use in living spaces such 
as lighting in industrial, commercial, residential and trans-

20 portation vehicle applications. By specialty lighting we 
mean emergency lighting activated during power failures, 
fires or smoke accumulations in bui ldiugs, microscope, stage 
illuminators, billboard front-lighting, hazardous and difficult 
access location lighting, backlighting for signs, agricultural 

25 lighting etc. 
Energy Efficiency and Costs. Ju an example lo illustrate 

the advantages of an energy ellicient lighting solution, the 
total cost of lighting a typical 300 foot by 300-foot retail 
facility at 1000 lux over a l 0 year period using state of the 

30 art (2002) HID luminaires is assessed. Including equipment, 
installation ru1d maintenance cost the total bill is over one 
million dollars. Approxin1ately 80% of this is in energy 
costs. ll1e commodity being purchased is lighting, the major 
lifecycle cost is electricity. To cut down ou costs and ~lso 

35 conserve energy it desirable to maximize the use of light 
generated. A Japanese survey of oflice luminaires (Japan 
Lighting Information Services-Seminar-Save Energy of 
Office Lighting-Loss of liglll in luminaire-.htm) shows LF 
efficiencies (light that exits the fixture vs. the ligl1t produced 

40 by the lamp) in an open oflice fluorescent luminaire without 
anti-glare louvers to be 84% while one equipped with 
louvers is only 52% efficient. The "utilization factor" (which 
equals the light flux which arrives at a work site (e.g. upper 
surface of a desk) divided by the sum of al I I ight flux of the 

45 lamp) is 74% for an open fixnire and only 50% for louvered 
version. This however, is still not what the customer is 
paying for. The customer is after the best lighting solution at 
minimal energy cost. Chru1ces are, as experienced ligl11ing 
designers know, that the light imensity, even in a good 

50 lighting design, is still not evenly distributed over the work 
surfaces. While care is taken in the lighting design computer 
runs not to fa ll below the minimum illumination intensity at 
any point in the room, there are non-trivial excesses at some 
points iu the lighting layout design. "Ibis excess light, wasted 

55 energy as far as the customer is concerned, probably 
accounts for another 10% loss. While a fluorescent may 
appear to be a superior and very efficient light source at 80 
lumen per watt vs. 30 lumen per watt for LEDs this is not 
actually the case, in actuality 60% of the fluorescent LF's 

60 light is wasted. Thus, in tenns of energy use, a properly 
designed LED luminaire can be, with the proper luminaire 
design of the present invention, as effective lumen per lumen 
as any discharge light source in illuminating liviug areas. 

Expressed in terms of the above backgro1md and nomen-
65 clature, it is the goal of this disclosure to teach how to 

constrnct a lumi.naire which will radiate photons where 
needed, exactly in the correct amounts to accomplish visual 
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tasks and/or create au atmosphere. The controlled radiation 
of light into a living space with a specific spatial intensity 
distribution also having optimal spectral characteristics for 
the seeing tasks at hand is provided by the present invention. 
Each visual task application has its own correct lighting 
solution with optimal light intensities, light color emanating 
at angles which will not cause glare that interferes with 
vision or causes discomfort. Tasks in living spaces vary with 
time so it is another objective of the present invention is to 
provide the optimal lighting solution in "real time" (at that 
specific moment in time). 

6 
utilized in a variety of indoor and outdoor configurations 
such as emergency pathway markers, exit door indicators 
and ornamental lighting arrangements. The LEDs are being 
used as outline markers where tl1e lighting strips are the 

5 object lo be seen. It is not the purpose of the lighting strips 
to project light on otl1er objects to make them visible. In 
other appl ications, where lighting distributed evenly along 
au area is required, these strips are placed at an edge. No 
attempt is made at obtaining an even illumination outward 

10 from the edge to the area perpendicular to the long dimen-
sion. 

As a light source of ever increasing choice, LEDs have 
been packaged in numerous forms and used in lighting 
applications. Special control circuits have been developed to 
take advantage of the variability offered by the new light 15 

source and are today being offered as a solution to specific 
applications. Jn general, however the design process has not 
zeroed in on providing the correct lighting solution. A 
number of LED illumination devices create "white" light by 
combining two or more LEDs of various wavelengths. 20 

White LEDs are also made using phosphors. The goal has 
not been to vary this color spectrum in real time to coordi­
nate with the usage of the living space. The term "white" 
light is loosely interpreted to cover a range of ilhrn1inating 
light having spectral light distributions acceptable to the user 25 

for that application. HPS 's yellow light has even been called 
white by some and the term is exclusive only of almost 
monochromatic sources such as LEDs and LPS lamps. TI1e 
terms light spectrum, spectra, spectrum, spectral and color 
are used to refer to the relative spectral power distribution of 30 

the light source. 

LED lamps and ballast systems can reduce maintenruice 
costs due to ru1 average rated life of 100,000 hours. This is 
five to eight times the typical service life of conventional 
fluorescent and metal halide lamps. The present system is 
especially well suited for applications where relamping is 
difficult or expensive. 

U.S. Pat. No. 6,346,777 issued Feb. 12, 2002 to Kim 
teaches an illuminating lamp assembly .. A.n LED lamp appa­
rah.1s comprises a plurality of LED lamps including at least 
one LED chip rnotmted on a Printed Circuit Board (PCB), on 
which a driver circuit and/or a control circuit are provided in 
a printed circuit pattern to drive ru1d/or control the LED chip. 
The device is independent of the lighting application and is 
simply a lamp not a lamp and fixture combination. 

U.S. Pat. No. 5,018,290 issued May 28, l 991 to Kozek et 
al. Teaches an exit sign witl1 a plurality of low voltage 
incandescent lamps mmmted on a PCB to provide illmni-
nation from within a housing. There is no combination of 
different light source characteristics to build a new com­
bined light source characteristic and this is a lrunp replace-

Description of the Prior Art 

Jn prior art illuminating devices, a tmiversal I ight source 
such as ru1 incandescent or fluorescent Jrunp emits light in 
many directions up to a 360 degree light distribution where 
in practice only a limited angular light distribution is needed 
in order for people to carry out visual tasks. So as to control 
the light distribution to certain ru1gles, reflectors and refrac­
tors are used to redirect the light where it is needed. A great 
deal of light is wasted in the inherent inefficiencies in 
redirecting the light and shielding the glare causing light 
sources. IL1 addition, the actual placement of the light rays 
where needed, but not beyond, is often inexact and wasteful. 

In addition, it necessary to have a wide variety of lighting 
fixtures each with dedicated optics and even then, there is 
much wasted light or insufficient lighting in the area covered 
by the luminaire. 111 addition, the light intensity and color 
spectrum of the lurninaire is fixed while the visual tasks 
going on in the space are changing all the time. Usually, 
there is no provision for either detecting the changes going 
on in the living space nor is the lighting fixture equipped 
with apparatus to effect the necessary changes in the light­
ing. In addition, individuals often have their personal light­
ing preferences as to the color and intensity of the lighting. 
Prior art lighting fixtures have no provision for the localized 
provision of preferred lighting to individuals. 

A prior art LED light strip consists of circuitry including 
a plurality of LEDs mounted on a substrate and connected to 
electrical conductors. The circuitry is sometimes encased 
within a tube like, partially tr.msparent protective sheathing 
and com1ected to a power source for selective LED illmni­
nation. l\.vo exrunples of LED strip types are described in 
U.S. Pat. No. 5,130,909 to Gross, entitled Emergency Light­
ing Strip and U.S. Pat. No. 4,597,033 to Meggs et al., 
entitled Flexible Elongated Lighting System. Such strips are 

ment not a LF fit for general illumination. 
U.S. Pat. No. 5,577,832 to Lodhie one of the originators 

of the use of LEDs for illmnination, describes a multilayer 
35 LED assembly which is used as a replacement light for 

equipment used in manufacturing environments. On each 
layer of the multi-layer assembly, there are multiple LEDs 
which are mounted perpendicular to a base. The base is used 
to provide electrical and mechanical connection to a socket. 

40 The LED assembly may utilize multiple layers of LEDs, 
with each layer itself having multiple LEDs. TI1e LEDs in 
each layer are mounted in a direction perpendicular to the 
base which results in light emanating in a direction perpen­
dicular to the base. The LED assembly is used as a replace-

45 ment lamp for equipment used in manufacturing environ­
ments. There is no attempt to match tl1e light distribution to 
the task at hand. 

U.S. Pat. No. 6,379,022 issued Apr. 30, 2002 to Amerson, 
et al. titled Auxiliary illuminating device having adjustable 

50 color temperature, describes au auxiliary illuminating device 
that has a least two preset ratios of light adjustable color 
temperature. The color tempemture is adjusted by varying 
tl1e light output at least two independently adjustable light 
sources. The light source is an array of at least 2 colors. The 

55 light source typically uses at least one set of LED's. The 
application specifically relates to use in producing correct 
lighting for photogmphy but does not relate to general 
illumination so that its control equipment does not correlate 
tl1e overall illuminance level to tl1e color temperature over 

60 tl1e range of illumination nor does its control equipment 
integrate the aiming function for correct light distribution. 
Essentially the auxiliary illuminating device is a lamp 
replacement for a photographic flash lamp. 

U.S. Pat. No. 6,340,868, JIJumination components, dis-
65 closes a current control for au LED lighting assembly, where 

each current-controlled unit is uniquely addressable and 
capable of receiving illumination color infomiation on a 
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computer lighting network. The teachings of the above 
patent are incorporated herein by reference. Although this 
patent discloses bow to constrnct coutrollable illumination 
light systems this patent does not relate to the concept of 
control within the parameters of accurate light distribution 
and correct lighting practice. 

Jn U.S. Pat. No. 6,498,440 Starn, et al. incorporated herein 
by reference, describes a lamp assembly incorporating opti­
cal feedback to produce an illuminator assembly that is 
capable of utilizing a plurality of light sources to produce a 
desired resultant hue. The assembly includes a processor, a 
memory, a plurality of light sources and a detector. The 
memory is coupled to the processor and stores data and 
information. Each of the plurality of light sources are 
coupled to the processor and produce a different color. The 
processor is capable of independently controlling the inten­
sity of each light source so as to produce a desired resultant 
hue. The detector is also coupled to the processor. TI1e 
detector provides the processor with information which the 
processor utilizes in determining how to adjust the intensity 
of each of the light sources to provide the desired resultant 
hue. 

In an earlier patent U.S. Pat. No. 5,803,579 titled: Illu­
minator assembly incorporating LEDs, by Tumbull, incor­
porated herein by reference, the different color LEDs light 
output is coincident in such a manner that this overlapped 
and mixed illumination forms a metameric white color and 
has sufficient intensity and color rendering qualities to be an 
elfoctive illuminator. Electronic circuits for control of the 
independent light sources consist of microprocessor con­
trolled adjustable current sources. 

United States Patent Application 20020130326 issued to 
Tamura et al., incorporated herein by reference, describes a 
lighting device that includes a plurality of LEDs arranged in 
an at least two-dimensionally dispersed mam1er; a transpar­
ent resin layer that covers the plurality of LEDs in an 
integrated fom1; a photo-detecting unit that detects an inten­
sity of light emitted from the plurality of LEDs using a 
photodetector and a power supply circuit unit that controls 
driving of the plurality of LEDs based on a detection output 
from the photo-detecting w1it. The purpose is to have a 
predetermined balance of light intensities of the colors 
according to an output detected as to each color by the 
photo-detecting unit. This device does not integrally cover 
the light distribution function within and does not correlate 
the lighting spectmm with the light intensity. It also does not 
provide a method to handle color shift over the lifetime of 
the illuminating device. 

In U.S. Pat. No. 6,528,954 a light bulb is provided which 
may include a housing, an illumination source, disposed in 
the housing, and a processor, disposed in the housing, for 
controlling the illumination source. The housing may be 
configured to fit a conventional light fixture. The processor 
may control the intensity or the color of the illwnination 
source. The housing may also house a transmitter ru1cl/or 
receiver. Although this device includes the desirable com­
munications control aspect, this device does not relate to a 
multi-light source capability which allows for the smooth 
variation lighting and its even distribution. 

Jn the prior-art approach, the LED rnanufacnire and the 
power supply manufacture are separate units. Typically, one 
power supply is good for a certain number of LEDs. This is 
similar to the historical lamp and ballast segregation that 
cruue about probably because one mrumfacnrrer was work­
ing with glass and the other with copper. Electronic light 
sources are semiconductor components as are the power 

8 
supply components. A unique opportunity for integration 
exists in solid-state luminaire design which has not being 
taken advantage of. 

In many energy conserving multi resident stairwell light-
s ing systems the lights are typically activated by pressing a 

button in the hallway or in each apartment. This requires 
special wiring between the switches aud the central control­
ler. Jn many other stairwells and hallways, the lighting is 
always left on wasting energy. With long life LED lruups, a 

10 low energy distributed lighting solution could always be on 
for orientation purposes and would only tum on to full 
output when activity levels require the lights turning on, 
using integral optoelectronic motion detectors. 

A home lighting fixture is often left on at full power when 
15 really only lighting for orientation purposes is required. A 

light switch on the wall is provided and sometimes this has 
a din1mer option. An electronic power supply with program­
mable electronic controller with communication over a 
dedicated data line or alternately over the power line or 

20 alternately wireless is also possible in present art such as 
with the DALI (Digital Addressable Lighting Interface) 
protocol. With digital signals, power supplies become indi­
vidually addressable compared to analog systems where 
only circuits are addressable. Additionally, DALI allows for 

25 bi-directional communication between the power supply and 
control. DALI also brings the capability of broadcast mes­
saging to ballasts. With DAU or any other protocol much 
more than dimming can be effected. Control of spectrnm, 
occupancy sensor controls llild specific spatial intensity 

30 distributions can be modified. However, the present-day 
lamp or fixture is not designed to fully and efficiently take 
advantage of these new control capabilities. 

Jn United States Patent Application 20100302779 by 
Chemel titled Fixture with Replaceable Light Bars he 

35 describes an intelligent LED-based lighting system. The 
LED based lighting systems may include fixtmes with one 
or more of rotatable LED light bars, integrated sensors, 
onboard intelligence to receive signals from the LED light 
bars and control the LED light bars. In this system while an 

40 adjustable system of moving bars is illustrated so that the 
LED hm1inaire can retrofit a variety of older discharge 
lamp-based luminaires, advantage has not been taken of the 
multiplicity of light sources to obtain a superior light dis­
tribution lighting solution that is now obtainable with mul-

45 tiple sources. 
Spero in United States Patent Application 20040105264 

describes the design of a multiple light source system using 
unique placements o:fthe LEDs on the structure ofa lighting 
fixture to generate an application specific light distribution 

50 pattern capable of providing recommended illumiuance lev­
els. The lighting fixn1re has means for being affixed within 
a living space to be illuminated in a wlique orientation in 
relation to the surfaces therein. Subsequently, the lighting 
fixture is designed by positioning LED light sources thereon 

55 that emanate light in direction and intensity as required by 
the lighting application. "The geometric layout is determined 
by using knowledge of the distllilces and angles from the 
light sources to the living-space surfaces as dictated by the 
inverse square law ru1d Lambert's Cosine Law oflncidence. 

60 The combination of the unique placement of the LEDs on 
the lighting fixture and the unique orientation of the fixture 
in the living space results in the pred.etennined illtuninllilce 
being obtained on the room surfaces. A problem with this 
technique can arise in non-standard illumination instances 

65 which may be the majority of lighting applications. For 
example, in industrial plant lighting, such as in open chemi­
cal processing facilities or where there are desks, shelves, 
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machinery or other elements requiring an unpredictable light 
distribution. Much energy is wasted in these facili ties with 
the wasted light often contributing to light pollution . 

In another embodiment Spero describes a solution to this 
problem where an overabundance of LEDs are deployed on 
the fixture structure giving it the ability to illuminate in all 
directions at required intensities. The controller of the LEDs 
is coupled to a camera which analyzes surfaces and usage 
within the living space and adjusts the lighting accordingly. 
While the design is highly flexible it requires an over 
c<1paci ty of LEDs and the cost of driver and ligl1t sources 
would be high. 

People need light for the performance of visual tasks, its 
aesthetic value or security. Light generated but not used by 
people is wasted energy, money and causes air and light 
pollution. Standard lighting fixtures, even those lhal arc 
somewhat area based, such as a low bay or bedroom 
luminairc, because of the different object and usages within 
the a rea, either provide loo much light and are wasteful or 
provide insufficient lighting inhibiting visual perfomrnnce. 
Therefore, it would be beneficial to have a lighting fixture 
that is further configurable to meet the demands of the actual 
lighting application where it has been installed. In addition, 
it would be beneficial if the lighting fixture was responsive 
in real time to the lighting needs at that moment. It is no 
longer necessary lo have fixtures providing illumination 
where there is nothing to be seen. 

Thus, there is a need for a lighting fixture having provi­
sion fo r the difforentiation over space and time of the light's 
intensity and color that could be set-up in the field and/or 
adjusted in real-time to the changing lighting requirements. 
Such an exigency-based fixture would provide correct illu­
minance in terms of cbromaticity, homogeneous or ae~Lhetic 

light ing generally and task lighting locally fo r the visual 
tasks at hand. 

Prior art lighting practice utilizes an apparatus termed a 
luminaire or Lighting Fixture to provide illumination to 
indoor and outdoor living spaces, vehicles machinery etc. 
for the performance of various visual tasks . A luminairc 
provides features other than just light which may include 
light distribution, shielding, man-machine-interfaces such as 
on/off switches, connection to power mains, apparams for 
affixation to construction elements and aesthetics. A typica l 
prior art lumioaire is comprised of: a replaceable lamp, a 
lamp holder, wiring, optical control elements such as a 
reflectors and refractors, fasteners and brackets. In addition, 
if the lamp has a negative resistance characteristic, then the 
luminaire includes power control elements such as a ballast. 
Jf a light control system is employed also included are 
elements including relays, logic controllers and communi­
cation devices which may be part of an electronic ballast 
design. All of these elements packaged together consti tute a 
luminaire. In typical present-day luminaire (lighting fixture) 
practice, a lamp with a mostly radially uni form spatial light 
distribution is placed within an optical assembly consisting 
of a reflector and or refractor for the purpose of having the 
light exit the luminaire in the desired direction and preferred 
distribution pattern. This is a process that involves cost and 
inefficiencies in redirecting the light. 

10 
that sol id state light sources are elect ronic devices with high 
reliability, long lifetimes and are capable of rapid change 
over a very wide operating range. 

Examples of the inflexible prior-art approach based on 
5 today's designs include: lighting is often provided in rooms 

where daylight contributes significantly to the overall light­
ing level or in areas near the window but the lighting system 
is not flexible enough spatially to lake advantage of the 
daylight contribution and reduce power; or the lighting is 

10 always on at maximmn power irrespective of whether or not 
there is activity in the room to justify the lighting level. 

Even when external dinlming controls arc provided to the 
lighting fixture, the color quality of the lighting is deleteri­
ously affected. At a lower lighting level, a warmer color 

15 temperature is generally required, m1d the lw11inaire lamp 
color is not adj ustable. 

Lighting systems are generally based around a lamp 
source and lighting application. When a new lamp source 
arrives generally they are placed into present-day lighting 

20 luminaire designs which are not optin1al for the new light 
source. LEDs are a light source which have a nuruber of 
advantages due to relatively long-life expectancy. In the 
future it is also expected that LEDs will have conversion 
efficiencies equivalent to those of discharge lamps. Presently 

25 however, the high cost of huueo per watt appears to make 
LEDs uneconomical for most lighting applications. A few 
applications of which step, stairwell, pathway and emer­
gency lighting are examples require low lighting levels to 
begin with and thus present at this time a feasible applica-

30 tion. An LED light source is well adapted to a number of 
additional applications. Very often in these additional appli­
cations the areas over which the lighting is to be provided 
are large and bringing electric power to the luminaire is a 
significant safety and cost consideration. An inherently low 

35 voltage light source such as an LED is suitable for use with 
safe 12 or 24 volt of a distributed power system with low 
current demands. 111e control of the light distribution, espe­
cially the beam cut-off necessary at low light levels to 
prevent discomfort, is well su ited to the high directional ity 

40 of the small LED light source. Maintenance of prior-art 
luminaires in outdoor applications and the requirement for 
watertight resealing increases fixture cost and complexity . 
Robusu1ess of luminaires is another requirement as t11ey 
located on ground level endm1gered by passersby contact or 

45 vandalism. 
Jn prior art lighting fixture constrnction, the lamp, reflec­

tor, socket and ballast are separate units. Foremost, rhe lamp 
must be replaceable and thus access provided, because the 
lamp lifetin1e is less than other components in the fixture. 

50 The reflector is large, Lo envelope the light source and 
provide ray control, and is manu factured of special, highly 
reflective, material. ·n1e power-conditioning device such as 
a core and coil ba llast or more recently electronic power 
transistor compone111s differs again from the glass lamp, 

55 reflector and fixture material. The dissimilarity of the manu­
facturing technologies, operating lifo1in1cs and materials 
results in a multi-component fixture assembly held together 
by fasteners which don' t lend themselves to mass production 
and the lum.i.naires are not factory sealed for life. 

Recently solid-state light sources have evolved from 60 
indicator lamps into illumination sources. The present art 
approach is to package these new lamp types into luminaircs 

Objectives of the Invention 

of the old lamp type with some minor adjustments. This was 
tbe case when fluorescents replaced incandescents and wben 
I HD replaced fluorescents. TI1e question arises, is this really 65 

the best solution as far as functionality and construction arc 
concerncxl. The question is especially cogent when the fact 

The present invention provides a unique approach to 
solid-state illuminating devices that is a departure from 
conventional prior art LED lighting practice. Prior-Art LED 
ligl1ting technology manufacturers have been taking LED 
junctions and packaging them in ever more-powerful con-
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figurations to carry out the fimction of lamps. These LED 
lamps are teamed with reflectors and/or refractors similar to 
the techniques practiced with standard lamps or put on strips 
which is just another way of distributing the light over the 
area to be illwninated. This invention comprises a different 5 

approach which is to provide the end user with the most 
correct lighting solution not a new teclmology lamp to 
replace the old one. The present invention comprises a novel 
multi-light source approach to the design and constrnction of 
solid-state lighting fixtures (vs. solid-state lamps), which is 10 

tem1ed a "Digital Lighting Fixture'', due to the control of 
individual lighting element "digits" to provide the "correct" 
lighting solution for the situation at hand. 

111e invention embraces LED-illwuinating devices cov­
ering a wide scope of applications including a room light and 15 

step light design as well as the general method for designing 
solid state luminaires from ground up from indoor to out­
door use in residences, factories, stores stadiums and streets. 
The general concept allows anyone to build a lighting fixture 
from the ground up, tailor made to the final application 20 

rather than building a fixnire around a conunon lamp. This 

12 
electricity. 2. Durability- physical strength, life expectancy, 
lumen maintenance and spectral stability. 3. Lighting qual­
ity- as related to visual comfort and "atmosphere". 4. 
Functionality- ability to control the light placement, inten­
sity and color temperature and do so as needed. 5. Energy 
savings 6. Lower overall lifecycle cost 

Integrating the light source with power conditioning elec­
tronics, control circuitry and sensors gives additional cost 
benefits and functionality including: l . Mass production 
capability 2. Sealed-for-life fixture 3. Exact optical perfor­
mance less spi ll light 4. Compact design 5. Feedback control 
and recalibrated color consistency over the device lifetime 6. 
Real-time lighting needs adaptability. 

Therefore, it would be advantageous to have a luminaire 
that require no maintenance, has smoothly controllable light 
output in tem1s of intensity, spectra, spatial distribution, is 
robust, mass-producible as a single unit, factory sealed 
against the elements, is self-calibrating over its lifetime, is 
adaptable to changing requirements, works on high or low 
voltage, has an affixation apparanis and is aesthetic. 

Further Objectives of the Invention 

The objectives of the present invention are (among others) 
to overcome the deficiencies in the prior art and effect the 
following: Light is generated only when, where and in the 
proper amount and color that can best be used by people or 
is their personal preference. This will save wasted energy, 
money <md air and light pollution while increasing visual 

is because it difficult to control the high temperature pro­
cesses of incandescent and discharge lamps. In addition, it 
takes a tremendous amount of investment in tooling to 
manufacture an incandescent, fluorescent or HID lamp. 25 

Electronic components on the other hand are made oflarge 
quantities of discrete components which are masked or 
robotically placed on to substrates. These smaller building 
blocks can then be easily configured per specific applica­
tions. 30 perfonnance and comfort. An exigency-based lighting fix­

ture is presented that provides correct illuminance in tem1s 
ofchromaticity, homogeneous or aesthetic lighting generally 
and task lighting locally for the visual tasks at hand while 

This disclosure also teaches that when it comes to solid­
state lighting big is not necessarily better. The approach of 
LED manufacturers trying to get into the lighting business 
by attempting to replicate the effect of present day lamps has 
been to make large, high current capacity, high lumen output 35 

electroluminescent junctions having marginally acceptable 
lighting characteristics. Lumileds Luxeon® DS25 Emitter 
running at 350 m.A is an example of such an approach. In a 
few years manufact11rers have raised currents from 50 nLA. to 
above 500 mA, at the time of this writing. These advances 40 

are certainly favorable at reducing costs and making LEDs 
a practical light source but attempting to get 1000 lumen 
(equivalent to a 60 W incandescent lamp) is not necessarily 
the best path to take, especially if it comes at the price of 
light conversion or distribution etliciency. In contrast to a 45 

prior art, single lar<Je, lamp replacement like light source, the 
present invention provides multiple, small sized sources of 
differing characteristics such that the effoct of the whole is 
greater than the sum of the individual parts. The detennining 
size factor then becomes when is there a sufficient progres- 50 

sion of values varying by minute degrees or continuum so as 
be non-discemable or irrelevant to the user. That is, LEDs 
are generally of a single wavelength (color, frequency), have 
small optics close in to the individual light sources since 
they operate coolly, and have stable conversion efficiency 55 

over a wide range of currents and light output. The added 
controllability offered by breaking the total light output up 
into discrete ("digital") specifically aimable and dinmrnble 
elements which can be addressed by control electronics to 
e1foct intensity, spectrum and spatial distribution of intensity 60 

and spectn1m, yields a lighting fixture (vs. lamp) of unpar­
alleled performance. Unique to this patent is the approach. 

preserving high visual comfort. 
A number of unique illuminating device embodiments are 

achievable using the basic elements presented above. A few 
examples presented in the disclosure include: (l ) an indus­
trial ligl1ting fixture for use in chemical and process plants 
where lighting that nomially spills out of the existing 
stn1clure as wasted light, is not produced to begin with; (2) 
a bedroom luminaire where nonnal activity and night-light 
lighting levels are provided as well as the ability to provide 
individualized lighting to each person; (3) Living room 
lighting with provision of modes for typical uses such as 
television viewing, reading with the provision of radiant 
spot beating based on the users unique location and usage at 
that instant in time; (4) A therapeutic luminaire designed to 
use illumination and irradiation on persons to alter biologi­
cal disorders or schedule sleep or awakening; (5) a lum.inaire 
for emergency and security forces having a non-readiness 
siniation intensity and chromacity <md second high-readi-
ness situation setting of a unique intensity and/or chromac­
ity, where the unique chromacity does not damage the 
biological visual purple pigment of the retina that is respon­
sible for enabling night vision. It thus eliminates the time 
these security forces would need to adjust from normal 
lighting to low-light night vision conditions; (6) a restaurant 
luminaire which illuminates foods and/or people in their best 
light while providing for the correct level and chromacity of 
ambient lighting for generating the optimal dining atmo­
sphere; (7) A general luminaire which the end user config-
ures themselves in situ to best suit their desired lighting 
preferences. The field adjusted luminaire comes with the 
lighting elements and their power supplies but the user 

It is the approach of a lighting manufacturer who provides 
lighting solutions versus that of a lamp manufacturer who 
produces a generic lamp. 

The advance over prior art is a solid-state light source 
with increased: 1. Efficiency- more effective lumen per watt 

65 re-arranges in particular directions and sets their light output 
levels and/or chromacity to obtain the preferred output; (8) 
A do it yourself modular ligl1ti.ng fixture which is a structure 
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capable of receiving light sources over its surface where the 
user chooses the light source with its chromacity and inten­
sity level. 11ie user builds up the light distribution pattern on 
their own and connects the sources to the integral modular 
power supply; (9) A single 1 ight engine device for a room or 
outdoor location with concentrated light output capable of 
being beamed distances to reflectors or refractors which 
redirect the light to be more optimally used in a localized 
area. 

l11e overall objective of these exemplary embodiments is 
the disclosure of all exigency-based lighting fixtme that 
provides correct or user preferred illuminance in tem1s of 
chromaticity, homogeneity, aesthetic considerations over a 
general area and/or task lighting provided in a small area for 
the visual tasks at hand. Providing illumination only where, 
how and when it is needed to efficiently carry out visual 
tasks minimizes wasted light thus minimizing energy use for 
lighting. To achieve this efficiency goal there is a need for a 
lighting fixture having provision for 1) the difrerentiation 
over space and time of its light. intensity and color 2) that can 
be set-up in the field and/or 3) adjusted in real-time to 
changing lighting requirements. 

While these objectives should not be understood to limit 
the teachings of the present invention, in general these 
objectives are achieved in part or in whole by the disclosed 
invention that is presented in the following sections. One 
skilled in the art will no doubt be able to select aspects of the 
present invention as disclosed to alJect any combination of 
the objectives described above. 

SUMMARY 

A lighting device incorporates one or more discrete light 
sources and their ancillary optical and electrical control 
equipment in an integrated illuminating element. 11ie overall 
lighting effect is the result of the combination of these 
multiple sources, detector and control components operating 
together. Preferably, the power conditioning circuitry, light 
sources, logic control circuitry, sensors and optical elements 
are packaged together in one integral device. The system 
contrives a lighting device which replaces the present day 
multi-component lighting fixtures or luminaires including: 
the la.mp; optical light control element/s such as reflector, 
refractor and shade; power conditioning devices such as a 
ballast; control equipment such as switch, dimmer, and 
timer. Detectors, emitters and sensors for light intensity, 
spectrnm, temperature etc. such as photodiodes, photocells 
thermocouples etc. are provided. l11ese provide data input to 
the controller, allow feedback and enable recalibration. An 
additional apparatus that conducts electric power along 
length, as electrical wiring, may be added to the system to 
provide further unitization. TI1e integral lighting element is 
packaged in the shape of a globe, hemisphere, disc or strip 
and is designed to qttick cmrnect to the electric power 
carrying conductors. Provision is made for mechanical affix­
ation to a strnctural surface. Jn the present concept over the 
life time of the fixture there is no lamp replacement only 
fixture replacement. It's assumed that after 100,000 hours it 
is tin1e to change the fixnrre. 

ll1e met.hod of creating a luminaire adapted to I.he usage 
and surroundings in which the luminaire will be integrated 
is disclosed. ·n1e process includes determining: the correct 
lighting practice for the application; the surroundings; the 
selection and placement of light sources and their integration 
with the mechanical support and; electronic control elements 
to realize the objective. 

14 
The present invention also relates to lighting fixtures 

comprised of many directional light sources that are 
mounted with di:lforent aimings so as to correctly illuminate 
an area. The LED light sources are moveable so that they can 

5 be adjusted to best illuminate the area where the luminaire 
has actually been installed. In addition, they may be con­
trollable by a microprocessor as to the light intensity and 
color so as to best assist people to see what they are doing 
at that moment, be it reading a book, watching TV or 

10 assembling an automobile. The lighting fixture is equipped 
with a "smart" camera (similar to a cell phone's processor 
controlled digital camera) which inputs data on the lighting, 
occupants and current conditions within the room. TI1e result 
of this added sophistication. is that electricity is spent on 

15 generating only useful light. TI1e energy savings greatly 
reduces electricity costs and environmental impact. 

The present invention more specifically relates to lighting 
fixtures whose spatial light distribution and/or spectral 
power distribution is capable of being adapted, either manu-

20 ally or automatically, to provide the illumination needed in 
that specific surrounding and at that specific time. The Field 
Adjustable Multiple-Light-Source Luminaire, FAML, is 
thus a universal product that can be tailored onsite so as to 
provide design illuminance and color spectrum to the rel-

25 evant surfaces in the specific lighting installation. Thus, a 
preferred embodiment of the invention is a lighting fixture 
comprised of many light sources which can be separately 
aimed and powered so as to illuminate areas or objects in a 
room or outdoors in a most correct, efficient and comfortable 

30 manner. 
To aflect this directional lighting versatility, in a preferred 

embodiment the luminaire is comprised of numy directional 
light sources that can be re-positioned so as to illuminate in 
different directions. The light sources at a particular aiming 

35 may all be one color, say white or may be of different colors 
which when combined together yield a different colored 
light beam. Altering the radiated power of one color light 
source versus the other allows for the creation of light in a 
myriad of colors. TI1e luminaire has some light sources at the 

40 same aiming and others at different aimings and may come 
in a standard configuration for the general type of lighting 
application. from the factory. Upon installation., iftbe factory 
preset lighting distribution does not fit the acnial surround­
ings, the installer will customize the configuration. by adjust-

45 ing the light source ainlings and light intensity output such 
that the correct amount of light is supplied to where it is 
needed while not at all or minimally illuminating areas 
where it is not needed. The installer will also make provision 
for the existence of other lighting fixture in the same or 

50 adjacent areas. When light is provided at higher angles and 
glare would result from the LED light source being visible, 
the light is not wasted by covering it with a shade or passing 
the light through a diffuser thereby losing the directionality 
and light f-lux due to absorption. lnstead taking advantage of 

55 the small etendue of the light source, an optical spreader is 
used to increase the area from where the light is exiting thus 
lowering the luminous exitance while maintaining direction­
ality. 

To eflect the provision of lighting that is in concert with 
60 the acnml illumination needs at a given time, in an embodi­

ment of the FAML, a camera serves as a sensor capable of 
detecting light, color and contents of the living space. The 
fixture is equipped with a logical controller. Using computer 
vision technology to recognize people, objects and sur-

65 roundings the lighting fixnire can provide the lighting 
requirements needed in the room at that moment in time. The 
computer vision system has been taught to recognize dif-
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ferent visual tasks such as ru1 individual operating a 
machine, reading a book or watching TV. The logical 
controller has instrnction sets as to what color lighting at 
what intensity is preferable for that specific visual task. Thus 
if no one is in the room the lighting is off or a dimmed, 5 

aesthetic lighting is provided for the good feeling of those 
looking in. \\'hen people enter the room, immediately gen­
eral room lighting is turned on and following that, specific 
task lighting is provided ru1d adjusted to the right level and 
color based on where they are in the room ru1d what they are 10 

doing . 
. An automatic embodiment of the FAML would include 

motion control elements for the light sources. Coupled with 
the camera and logical controller, the light distribution is 
altered automatically as required by chru1ges in the physical 15 

surroundings, people or environment. Jn a similar fashion to 
how a preprogrammed moving head stage light follows the 
performer about the stage the FAML logical controller will 
automatically locate the person in the room and provide 
locally the lighting needed for the performance of visual 20 

tasks. To save energy, the rest of the room will then be 
illuminated at a lower, yet comfortable lighting level. 

16 
FlG. 18A is a perspective view of a configurable LED 

luminaire comprised of many light modules; 
FJG. 188 is a view of light module optical accessories; 
FlG. 19 is a perspective view of a light guide; 
FIG. 20A and FIG. 20B are perspective view of basic 

embodiments of the present invention; 
FIG. 21 is a perspective view of a substantially linear 

embodiment of the present invention; 
FIG. 22 is a block diagram of the elements comprising the 

present invention; 
FlG. 23 is ru1 exemplary flow chart for a computer 

program run to obtain the optintal illumination; 
FIG. 24 is a perspective view of a universal lighting 

fixture s\rncture with means for attaching light source and 
sensor elements mechanically and electrically; 

FIG. 25A and FIG. 258 shows an embodiment where the 
light source arrays are mounted at the end of moveable rods; 

FJG. 26 is a perspective view of a lighting fixture capable 
of producing both a differentiated spatial light intensity 
distribution as well as a spatially differentiated light spec­
trum distribution; 

FIG. 27 is a perspective view of a field adjustable multiple 
light source lighting fixture; 

BRIEF DESCRIPTION OF THE DRAWINGS 

FlG. 1 represents a block diagram of the elements making 
up a Digital Lighting Fixture system. 

FlG. 28A and FJG. 28B is a perspective view of satellite 
25 light source from the side and from the front respectively; 

FIG. 29 depicts ru1 adjustable luminaire in a lighting 
application; 

FIG. 2A is prior-art design ru1d FIG. 2B ru1 illustration of 
a preferred embodiment of this invention of a retrofit LED 
lamp illuminator while FIG. 2C is a side view of an 30 

embodin1ent of this invention using a PCB provided with 
standard 5 mm hole-through LEDs. 

FIG. 30 is a perspective view of a luminaire with a special 
night-light functionality ; 

FIG. 31 is a perspective view of an adjustable luminaire 
with added irradiation flmctionality; 

FlG. 32 is a perspective view of ru1 industrial lighting 
fixture for use in hazardous locations; FIG. 3A and FlG. 3B illustrate a preferred embodiment of 

a decorative LED outdoor wall sconce juxtaposed with a 
prior-art design. 

FIG. 4 is au illustration of a Surface or Railing Mounted 
Digital Lighting Fixture. 

FIG. 5 is a Surface or Railing Mounted Distributed Digital 
Lighting Fixture. 

FIG. 33 is a process flow chart for a computer lighting 
35 fixture design progran1. 

DETAJLED DESCRIPTION 

FJG. 6 is an Asymmetric Light Source made of Direc- 40 

tional Chip Facets. 

As required, detailed embodin1ents of the present inven­
tion are disclosed herein; however, it is lo be understood that 
the disclosed embodiments are merely exemplary of the 
invention that may be embodied in various and alternative 
forms. The figures are not necessarily to scale; some features 
may be exaggerated or minimized to show details of par-

FIG. 7 illustrates an application employing the Discrete 
Unit Step Light. 

FIG. 8 illustrates an application using the LED based 
Distributed Step Light Fixture. 

FIG. 9 is a path lighting application using an LED 
Stake-Top Path Light. 

FIG. 10 is the Illuminating Engineering Society Preferred 
Color Ternperanl!'e vs. Jntensity Correlation. 

45 ticular components. Therefore, specific structural and func­
tional details disclosed herein are not to be interpreted as 
limiting, but merely as a representative basis for teaching 
one skilled in the art to variously employ the present 
invention. 

FlG. 11 depicts an integrated digital lighting fixture using 50 

discrete solid-state light somce arrays deployed angularly 
about the geometric volume. 

The system is built around a "digital" light somce. That is, 
the emllilating lighting effect is the sum of the characteristics 
of a multiplicity of discretely controllable "digit" sources. 
The difference between the individual "digit" light sources 
and their summation manifests itself in the resultant light 

FIG. 12 is a universal llllllinaire embodiment using an 
adaptive digital lighting fixture which is programmed to 
illuminate the area as is needed. 

FIGS. 13A through 13C depict a streetlight fixture 
designed according to the teachings of this invention. 

FIG. 14 is a flowchart of a typical design procedme for a 
multi-source lighting fixture of the present disclosure 

55 characteristic, be in its intensity, spatial intensity distribu­
tion, spectral energy content and spectral intensity distribu­
tion. All of these characteristics are also variable with time. 
A light source for this purpose may be electroluminescent 

FIG. 15 shows a multiple light-source headlamp capable 60 

of optimally carrying out the diverse illwnination functions 
used in driving under various environmental conditions and 
surroundings. 

such as a Light Emitting Diode (LED) junction, Organic 
Light Emitting Diode (OLED) or carbon-related field emis­
sion devices such as a nanotube-phosphor-combination, 
HID, fluorescent or even an incllildescent source. While a 
one-source lamp will not have the flexibility to effect the 
most correct illumination characteristics, such as maintain-FIG. 16 is ru1 illustration of ru1 anti-glare system using the 

multiple light somce headlamp. 
FIG. 17 a representative Electronic Power Supply Unit for 

Surface or Railing Mounted Luminaire. 

65 ing correct intensity aud color temperature for the lighting 
task at hand over changing environmental conditions, two or 
more differentiated sources will have an increased operating 
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range. This flexibility is useful as for exru11ple iu a multi­
source Juminaire with spatially differentiated dimming capa­
bility used in an office lighting application. In a normal day's 
operation, such as in a windowed room between peak 
daylight and nighttime hours, the intensity and color tem­
perature of the light varies greatly over different portions of 
the room. The smooth variation possible with many light 
sources ("digits") vs. one light source offers superior flex­
ibility in providing the actual lighting needs. Therefore, the 
illuminating device may be described as a "digital" light 
source or as a Multiple Solid-state Light Source (MSLS), 
comprising many "digits", SLSs, and essentially replaces the 
lamp of present-day lumiuaires. 

As used herein, the tenn " light source", LED or "solid 
state light source" means any system that is capable of 
receiving an electrical signal and producing light in response 
to the signal. Thus, the tenn "light source" should be 
understood to include light emitting diodes of all types, light 
emitting polymers, semiconductor dies that produce or ema­
nate light in response to current, organic LEDs, electro­
lmuiuescent strips, and other such systems. 111cru1descent 
and discharge light sources are also included, and multiples 
of incandescent and discharge light sources also provide a 
digital luminaire. In an embodiment, a "light source" may 
refer to a single light emitting diode package including 
multiple semiconductor LED dies that are individually con­
trolled. 

lbe term "illuminate" should be understood to refer to the 

18 
mentioned herein., they refer to redirecting light rays through 
any of the known phenomenon including: reflection, refrac­
tion and diffraction. Typically, an LED will come packaged 
in an optical assembly consisting of a reflector and lens with 

5 8° to 50° spreads being typical. A Surface Mount Device­
SMD LED with no optics will still be limited to 180° due to 
its construction. 

A power-conditioning device such as a ballast is required 
to operate efficient fluorescent and HID light sources but is 

10 separate there from in function and physical construction. In 
the MSLS the power source is electronic as is the control 
equipment and thus the electric power conditioning circuitry 
can be integrated with the light source circuitry and pack­
aged as one on a PC board or integrated circuit manufactured 

15 in the same way of the same materials. Chip ou board and 
chip on chip technologies are used as a packaging configu­
ration for LED chips as well as power and logic control 
transistors and other components. Power transistors come 
packaged in plastic and so do LED jLU1ctions only that the 

20 LED package is light transmiHing and can be formed into a 
lens. Transistors, molded in a transpareut package together 
with LEDs, may be shielded from undesirably receiving 
illumination causing base photocurrent, by providing 
opaque "junction coat" over the transistor die, as is well 

25 known in the semiconductor industry. The packaging also 
lends itself to the sru11e manufacn1ring methodology such as 
soldering elements onto a PC board. Both hole through and 
SMT configurations are presently available for most of the 

production of a wavelength of radiation by an ilhrn1ination 
source. The tem1 "color" should be understood to refer to 30 

components. Tii.is combined unit of compatible, mass pro­
ducible, apparatus, including the solid-stale lamps, their 
optical assembly, electro1i.ic ballast gear and stn1cn1ral fix-any wavelength of radiation within a spectrum; that is, a 

"color," as used herein, should be understood to encompass 
wavelengths not only of the visible spectrum, but also 
wavelengths in the infrared and ultraviolet areas of the 
spectrnm, ru1d in other areas of the electromagnetic spec­
trum. 

Jn designing a multi-light source lmninaire, the mininnm1 
design criterion for intensity and spectnun differs for each 
application and is related to the end user who is the ultimate 
measuring instrument and economic consideration of the 
light provider. TI1e regularity of the changes in effects is 
derived from the user's perception. It is generally accepted 
that the eye cannot discern chru1ges in beam intensity that are 
smaller than a factor of two to ten and color temperature 
differences of 200 to 300K. Illumination intensity changes 
are discemable as a logarithmic function and depend on 
background illumination levels. For example, illwninating 
practice allows for hallway lighting to be 200/o of room 
lighting due to rapid eye adaptation. However, the eye is 
very perceptive of intensity chauges when comparing 
images such as in comparison of gray scales and thus 
lighting for an art lay-up room must be very even. 

A further improvement is where the lamp and lighting 
fixture function are carried out in one device. In a typical 
present-day lighting fixture, a lamp with a symmetrical 
distribution in placed in a reflector to redirect the light, a 
requirement involving added cost of the reflector and per­
formru1ce inefficiencies. While PAR and other integral 
reflector lamps exist, they again have a symmetrical distri­
bution in one of the axes and are large due to the high 
temperature of operation and requirement to distance reflec­
tive surfaces due to heal and large light source dimension 
consideration. Since the solid state or LED lamp is made of 
cool operating components which have a mechru1ical base 
(versus a lOOOK gas discharge which is free floating) the 
LED allows for an integral small sized optical element near 
the power source . Where the terms optics or optical are 

n1re equipment, provides a unique Digital Lighting Fixn1re 
(DLF) device. 

In a preferred embodiment the DLF is provided with an 
35 onboard controller. "Die controller may be a computer board, 

embedded device, a Digital Signal Processor, etc. In general, 
the term " logical controller, controller or computer" can be 
broadly defined to encompass any device having control 
circuitry or a processor which executes instructions from a 

40 memory medium. 
A further improvement is the reduction of all electronic 

and optical components to the cli.ip level. That is, light­
emitting junctions may be placed with power electronics in 
an integrated circuit. For example, combination GaAs LED-

45 JFET technology may be used, the JFETs Uunction FETs, 
acting as control devices for the LEDs. The carrier is made 
of materials and shaped to carry out optical and or heat 
transfer functions. Mulliple light emitting junctions of simi­
lar or differing characteristics, a function of doping and 

50 diffusion, are placed with the control circuitry on chips. The 
VLSI techniques used iu digital camera photodiode arrays 
containing millions of pixels is used lo create arrays of light 
emitting diodes. Actually, reversing the current flow on 
some photodiodes will cause them to emit light. This is how 

55 OLEDs were discovered. OLEDs began in the lab as pho­
tovoltaic cells until by error they were driven in reverse. 
Alternately other die bonding teclllliques are used to create 
chip on chip assemblies as is known in the art. Sets of chips 
with similar or differing characteristics may be geometri-

60 cally arranged to provide a specific light distribution and 
color mixing. The total envelope is then a combined lamp, 
power supply and lighting fixn1re " luminaire' ', and is posi­
tioned within the room to be ilhllllinated at the design height 
and position to give a consistent and suffi cient lighting to the 

65 area under its control. Cooling is effected using natural 
convection or for air currents from a cooling fan or fluidic 
cooling using natural or forced circulation. 
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On the chip and die level further magnitudes of manu­
fac turing and packaging efficiency are realized. The inte­
gration can avail itself of other more compact packaging 
technologies such as chip on board and chip on chip. 
Assemblies with conductive and non-conductive diebonding 5 

using epoxies and eutectic solders used for a variety of 
semiconductor die types including ASIC's, MEM's, LED's 
and Sensor's. These may be used on a variety of substrate 
materials including FR4, Alumina, Metalized Ceramic, Car­
bon Fiber and Chip on Flex as single die or multiple die 10 

arrays for Chip scale packaging/CSP's. Conductors are 
attached to the dies via Aluminum and Gold wirebonding 
using both wedge bonding and ball bonding. The manufac­
ture of Multi-chip modules/MCM or Chip scale packages/ 
CSP are also possible and can be ceramic, laminate or PCB 15 

based. These assemblies can be single or multiple die 
assemblies with external components making it possible to 
manufactlire all light, sensor, power and control components 
as a superior integrated device. 

ll1e present invention provides an illuminating device 20 

which serves as a replacement for the lamp, socket, reflector, 
electric power control gear, dimmer and mechanical strnc­
tllfe of a present-day lighting fixture or luminaire. A semi­
conductor junction packaged integrally with light control­
ling components provides a Solid-State Light Source SLS 25 

and many together form an MSLS, which when combined 
with power conditioning, and optionally logic control, com­
munications and affixing elements. provides a DLF. The 
basis of the invention is the use of a multitude of discrete 
light emitting sources ("digits") to generate light. The light 30 

control elements can be applied on a per junction basis or on 
a "white" color generating set grouping such as RGB or on 
a larger set which may be convenient for ma11ufactl1ring or 
other color rendering considerations. The requirement for 
controllability is however, that the SLS output is definitive 35 

in relation to spectrum aud spatial distribution. 
l11e discrete light emitting elements by operating ru1d not 

operating, at full power or at a fraction of, either partially or 
in mtison, geuerate light with optimal intensity, spectral 
distribution, and spatial distribution of intensity and spectral 40 

distribution for the viewing task at hand. This is accom­
plished without recourse to separate (exterior to the DLF) 
reflectors to redirect the light, filters to alter color. shades to 
control glare or dinuners to control intensity. An example of 
light source used in a DLF would be an electroluminescent 45 

semi-conducting material an example of which is a LED. 
Such a source is characterized relative to a standard incan­
descent lamp by its small dimensions, low voltage, low 
current, monochromatic spectrum, high resistance to physi-

20 
present state of the art l/W as well as those which will 
become feasible in the future. 

A "light bulb" of the present invention is comprised of a 
multitude of LED's where each LED or group of LEDs may 
be of the same or different wavelength, (color-where said 
wavelength may be mono or multi-chromatic), light output, 
spatial distribution and operating frequency (as wheu an 
alternating signal is used or it is multiplexed). The light from 
an LED or group of LEDs of red color operating with an 
LED of blue and green color impinging on an object would 
appear to the viewer as "white light". By v~iryi.ng the nlllllber 
and/or light power output of a specific color LED or group 
of LEDs relative to the others, a different intensity and color 
temperature of light with a "warm" or "cool" appearance 
may be effected. "White" LEDs can also be used in the 
invention alone or with other monochromatic LEDs. A white 
LED comprises an emitter in the blue spectrum covered with 
a phosphor which iiuoresces in yellow such that the com­
bined output appears white . White LEDs come in various 
angular light distribution patterns and color temperature 
variations. White LEDs can also be combined to vary 
intensity ru1d spectmm. In the preferred embodiments, 
"white" LEDs are not used, as the use of phosphor adds 
um1ecessary conversion inefficiencies and output degrada­
tion with time. The ability to correct for color shift over the 
DLF lifetime with white LEDs is limited. However, the 
present invention includes the use of white or other multi­
spectrnm light sources. 

Presently the efficiency of many types of LED's (the 
chemical make-up of the junction differs between colors) is 
high relative to incandescent but low relative to discharge 
lamps. However, the theoretical efficiency is quite high, and 
the ine l:Iiciencies have to do with getting the light out 
between the junction and heat dissipation considerations. 
Expressed in lmuens per watt LED's may produce up to 30 
lumen/W versus I 00 l/W for a discharge lamp and 18 l/W for 
an incandescent lamp. In the preferred embodiment, a highly 
efficient constant current power source is used to drive the 
LED's where the electronic circuit is a series connection of 
the discrete LED light sources. The open failure of an LED 
or series of LEDs which would interrupt the circuit is 
circumvented by the use of Zener diodes, placed such that 
the functionality oft be lamp would not be seriously affected. 
The constant current power source has the advantage that 
different LEDs, of di:fierent forward voltage drops, from 
different manufacturing nms or chemical composition, may 
be operated together. Alternately, power circuits available in 
the literature for driving the LEDs are used as published in 
technical notes by manufacnires such as Agilent®. 

The life expectru1cy of an LED can be expected to be as 
high as 240,000 hours between failure. Due to light degra­
dation over tin1e average lifetime is normally rated at 
100,000 hours. At best an incandescent 's rated life may be 
2,000 hours and that of a fluorescent, 20,000 hours. l:-low-

cal shock, high directionality of the light output, aud at the 50 

present, relatively high cost. In addition, the intensity of the 
light outplll over a defined range is a function of the current 
and with.in limits may be varied by orders of magrtitude 
without deleteriously affecting the efficiency or lifetime of 
the LED. 55 ever, the LED operated in a circuit would have only the 

reliability of the circuit and MTBF divided by the number of 
series cotmected LED'S. A printed circuit board with the 
LED' s alternately connected to separate circuits with redun­
dant access to the power sources and with the use of Zener 

Although the light production of a typical 5 mm, 50 mA 
maximum rated, LED of between l to 2 lumen is much too 
low to be of any practical use for illumination, the combined 
output of a Jew to hundreds to thousands of LED's is quite 
significant. Higher current LEDs are now being introduced 
which operate at 350 mA and provide 20 to 30 lumen. This 
however, is still is highly impractical for use in lighting a 
room when compared to a l 00 watt incandescent lrunp of 
1700 lumen. Based on progress to date it is expected that 
LEDs will reach comparative lumen per Watt efficiencies of 
60 to 120 l/W as found in gaseous disch3f'Je lamps. This 
invention relates to technologies which are feasible at the 

60 diodes every so many LED's to circumvent any failed 
sections could operate directly off of the l 20/240V line. Any 
voltage AC or DC from 4 V up to 480V is practical. The 
LED's of the hole- thru or SMT type would be soldered in 
place or the LED's connected leg to leg without using a PC 

65 board. 
The LED's are mounted fiat in rectangular patterns or in 

concentric circles or on or with.in holes situated on geo-




